Abstract. In this research, the cylindrical absorber made of expanded metal sheets under impact loading has been examined. Expanded metal sheets due to their low weight, effective collapse mechanism has a high energy absorption capacity. Two types of absorbers with different cells angle were examined. First, the absorber with cell angle α=0 and then the absorber with angle cell α=90. Experimental Study is done by drop Hammer device and numerical investigation is done by finite element of ABAQUS software. The output of device is acceleration-time Diagram which is shown by Accelerometer that is located on the picky mass. Also the output of ABAQUS software is shown by force-displacement diagram. In this research, the numerical and experimental study of the collapse type, force-displacement diagrams and effective parameters has been investigated. Similarly, the comparison between numerical and experimental results has been observed that these results are matched well with each other. From the obtained results it was observed that the absorber with cell angle α=0, have symmetric collapse and had high energy absorption capacity but the absorber with cell angle α=90, had global buckling and the energy absorption value was not suitable.
Introduction
Energy absorption systems are used in many engineering applications, moving systems in particular, for preventing or reducing damage. Thin-walled structures are high strength-to-weight ratios and high energy absorption capacity. For this reason, they are the center of attention in many different industries including car manufacturing industries. In some systems, energy absorbers are used for absorbing kinetic energy or converting it into other forms of energy. Mechanical cylindrical tube, absorb energy through doing work in the plastic region. The most common absorbers are thin-walled cylindrical shells which dissipate energy by collapsing under axial loads. These absorbers are irreversible and cannot be reused upon deformation.
Most absorbers are of the throw-away type and are discarded upon plastic deformation. reason, design requirements for such tubes would be achieving higher absorbing capability at lower mass with emphasis on higher specific energy absorption. Axial collapse in different designs usually occurs in three stages. First, the collapse force reaches a peak value to overcome the initial tube resistance. Second, the force diminishes and fluctuates as crushing develops. Third, the force rapidly increases, expanding the collapsed parts until the collapse ends. (Ghamarian et al. 2011 , Jie et al. 2013 . Generally, expanded metal tubes are used in the decoration industry and for security purposes. In recent years, expanded metal tubes have found prominent applications in the automobile industry. These materials are specifically used in sensitive structures, e.g., thin-walled structures. This property is used for plastic collapse. Thin-walled structures are not only good energy absorbers, but also relatively cheap and light in weight. The collapse mechanism in latticed tubes is as follows: first, the cells start closing as the load increases, and a plastic moment is applied about nodal intersections. These plastic deformations gradually spread. The failure mechanism specifically appears as plastic hinges at cell junctions.
The force-displacement response curves show gradual increase in the force, which is a favorable behavior for an energy absorbing system since in these systems damping of the force must be gradual. By observing the failure mode of the expanded metal tube and its deformation configuration, we conclude that the deformation mechanism is layered. (Graciano et al. 2009 , Graciano et al. 2012 .
Alghamdi (2001) introduced research conducted during the past four decades on energy absorbers subjected to impact loading. Olabi et al. (2007) introduced second general review of metal tubes used as energy absorbers in axial collapse. Jones (2010) compared various energy absorbing systems in terms of the effective factors on energy absorption. Upon studying the energy absorbing capacity of the tubes with various cross sections (circular, rectangular, hexagonal, triangular, pyramidal, and conical), Nia and Hamandani (2010) concluded that tubes with circular cross sections have the highest energy absorbing capacity.
Structural shape plays an important role in optimizing the factors that affect energy absorption. The important function to be considered when developing energy absorbing structures is to reduce the initial force peak in the force-displacement curve response. In applied energy absorber programs, the initial peak force must be reduced for stabilizing the structural response under quasistatic loading. The initial peak force in axial compression tests can be reduced via introducing some kind of defect such as grooves (Zhang et al. 2007 ). Latticed energy absorbers can meet all the requirements for efficient energy absorption. Graciano et al. (2012) studied the axial collapse of circular tubes made of expanded metal sheets. Their test results showed that the collapse mechanism depended on cell direction, and that the initial peak force depended on the number of cross sectional cells (Graciano et al. 2013) .
Impact tests and numerical analysis are concentrated on the failure mechanism as well as the load bearing capacity. On the average, impact loading is applied via free fall of a hammer. Due to the specific features of impact loading, the dynamic response of the structure under impact loading is evidently different from that under quasi-static loading. These results were recorded completely during testing (Qu et al. 2014) .
Variations of the impacting mass affects only the structural deformation and has no considerable effect on energy-absorption productivity. If a thin-walled part collapses, variations in its thickness would directly affect the structure's cross section. Impact loading increases the thickness of the structure and reduces its deformation, but can fully absorb the impact energy. Thus, wall thickness has a considerable effect on energy absorption. Velocity variation of the impacting body would directly change the impact force and cause a change in the initial peak force and the mean force as well. Test results show that kinetic energy is affected more by the velocity of the impacting body than by its mass. This also affects the amount of the absorbed energy (Tai et al. 2010) .
To better understand the behavior of thin-walled structures, these structures were investigated experimentally, analytically, and numerically. The experimental method is perhaps the most expensive method from the viewpoint of time and material selection, but is necessary for validating numerical methods. With due regard of the tests conducted on long and short aluminum tubes, their global and progressive buckling were studies. In short, metal energy absorbers fail under axial compressive loads in various modes including axial collapse, global buckling, or at a point depending on geometric parameters (length and cross sectional area) (Graciano et al. 2013) . Gupta and Venkatesh (2006) also conducted experimental and numerical studies on cylindrical aluminum sheets with different lengths and diameters. Advances in computational power in the past two decades have prompted researchers to turn to numerical methods for analyzing nonlinear and energy absorbing behaviors of structures (Li et al. 2012) .
The basic types of Expanded Metal products are standard, flattened, grating, architectural (or decorative) meshes, and fine meshes. These products have thousands of applications for enclosure, protection, support, decoration, and filtration, including grills, fencing, walkways, furniture, etc. The light weight and strength of Expanded Metal make it an ideal material for a wide variety of commercial and industrial security applications. Storefront protectors, stairway and warehouse enclosures, lockers and tool room partitions are among its many uses. Flattened Expanded Metal is manufactured by passing the standard expanded sheet through a cold-roll reducing mill. The result is a smooth, flat and level sheet. Flattened Expanded Metal is used in a variety of specialty applications, such as lawn furniture, book and storage shelves, lamps and lamp shades, fireplace screens, many types of grilles, occasional tables, folding screens, room dividers, and air filtration filters. Standard Expanded Metal as it comes from the press. The strands and bonds are set at a uniform angle to the plane of the sheet. This gives added strength and rigidity, as well as skidresistant surface (EMMA 2012).
Expanded metal sheets are basically manufactured in two basic types: standard (EMS) and flattened (EMF).These two sheets are quite different in geometry and mechanical properties. The EMF type undergoes additional cold-work, in which the EMS sheet is passed through a cold-roll reducing mill (Smith et al. 2014) .
In their studies on latticed absorbers, researchers investigated the behavior of the absorbers under static loading. In this study, the behavior of an absorber under impact loading was investigated experimentally and numerically. As experimental tests are time consuming and involve high costs, numerical simulation techniques can be implemented in their stead. The absorbers used in this study were different in terms of the number of their longitudinal cells and cell angles. The purpose of this study was to investigate, both experimentally and numerically, the behavior and type of collapse experienced by the absorbers as a result of increasing the number of their longitudinal cells and, subsequently, comparing the results. All the samples had the same mass and impacting weight velocity.
Definitions, principles, and theoretical fundamentals
To investigate the behavior of expanded metal tube absorbers, we first introduce the parameters
